Abstract Distal renal tubular acidosis (RTA) manifests either as Complete/Classical form or Incomplete/Latent Form. Distal RTA causes normal anion gap metabolic acidosis and hypokalemia. Interstitial Nephritis is the most frequent renal manifestation of Sjogren's, which presents as Distal RTA in 25-40% of patients with Sjogren's syndrome. Magnesium deficiency is frequently associated with hypokalemia. Although serum calcium is the main physiological control for the secretion of parathyroid hormone (PTH) by the parathyroid, serum magnesium can also exert similar effects. While low levels of magnesium stimulate the secretion of PTH, very low serum concentrations tend to induce a paradoxical block of PTH release by activation of the alpha-subunits of heterotrimeric G-proteins. This mimicks the activation of calcium sensing receptor leading to inhibition of PTH secretion. Here we describe the case history of a 35-year-old lady who presented to our hospital with severe hypokalemia due to distal RTA and perhaps had a paradoxical block of PTH secretion in the setting of severe hypomagnesemia.
Introduction
Distal renal tubular acidosis manifests either as Complete/ Classical form or Incomplete/Latent Form [1] . Distal Renal Tubular Acidosis occurs in 25-40% of patients with Sjogren's syndrome but hypokalemia is the presenting manifestation of Sjogren's syndrome in\2% of cases [2, 3] . It is well documented that magnesium deficiency is frequently associated with hypokalemia. Concomitant magnesium deficiency aggravates hypokalemia and renders it refractory to treatment by potassium [5, 6] . The mechanism of hypomagnesemia induced hypokalemia is due to the intrinsic biophysical properties of renal outer medullary K? channels (ROMK) mediating potassium secretion in the distal nephron [7, 8] . Mild decrease in magnesium levels results in stimulation of PTH secretion (as seen with hypocalcemia) but more severe hypomagnesemia is known to cause relative hypoparathyroidism by inhibiting PTH secretion. This phenomenon is referred to as 'Paradoxical block of PTH secretion' [10] [11] [12] [13] . Serum PTH levels increase within minutes of magnesium administration [10] . Hence it is believed that hypomagnesemia inhibits PTH secretion rather than inhibiting its biosynthesis [15] [16] [17] .
Here we describe the case history of a 35-year-old lady who presented to our hospital with severe hypokalemia due to distal RTA and perhaps had a paradoxical block of PTH secretion in the setting of severe hypomagnesemia.
Case Report
A 35 year old lady presented to our hospital emergency department with progressive weakness of her limbs for the past one week. She had no history of vomiting, diarrhoea, bladder or bowel disturbance. She had no history of similar episodes of weakness in the past. There was no history of diabetes or hypertension and she has not been taking any regular medications. There was no significant family history of note.
On examination, the patient was conscious, oriented and febrile (temp-100.1°F). She was hemodynamically stable with the pulse of 84 beats per minute, regular and blood pressure of 110/70 mm of Hg. Her oxygen saturation normal at 98% on room air and respiratory rate was 22 per minute. Her capillary blood glucose was normal at 110 mg/ dl. The central nervous system examination revealed reduced power (2/5) in all four limbs, areflexia with intact sensory system. Rest of the systemic examination was unremarkable.
Blood investigations at presentation revealed mild renal impairment with a BUN 12 mg/dl and creatinine of 1.2 mg/dl. Her sodium was normal at 141 mmol/l and she had severe hypokalemia with a potassium of 1.55 mmol/l. Arterial blood gas investigation revealed severe metabolic acidosis with normal anion gap. Complete blood count and liver function tests were normal expect for an ESR of 60 at 1 h. The urinary pH was 6.8 and she had no proteinuria. The spot urine sodium was 44 mmol/l, potassium was 28 mmol/l, creatinine was 56 mg/dl and spot urine calcium was 4 mg/dl.
In view of severe hypokalemia with normal anion gap metabolic acidosis, a diagnosis of renal tubular acidosis was made and she was started on intravenous potassium and bicarbonate infusions. She improved with these measures and her power in all the limbs were normal. She was discharged home with oral potassium and bicarbonate supplements.
Her Extractable nuclear antigen (ENA) profile, the results of which were received after her discharge from the hospital, showed positive Anti Nuclear Antibody in 1:100 dilution with granular nucleoplasm pattern done by indirect immunofluorescence using Hep2 cells and primate liver sections. SS-A native (60 kDa), Ro-52 (52 kDa) and SS-B were strongly positive.
In view of her low calcium, Bone mineral profile was requested. Bone mineral profile as we call it in our lab includes calcium, phosphorous, alkaline phosphatase, albumin, magnesium, TSH, Intact-PTH and 25-OH Vitamin-D (Total). The results were as shown in the Table 1 .
On the 2nd day, another sample from the same patient was received for serum magnesium and Intact PTH. This showed that her serum magnesium was 2.4 mg/dl and Intact-PTH was 80.55 pg/ml. The treating physician was surprised by the higher values of PTH compared to the levels from the previous day and requested for serum Calcium and Phosphorous to be checked. Her serum calcium was 8.1 mg/dl and Phosphorous was 2.1 mg/dl. The treating physician asked for the discrepancy in Intact-PTH levels within 1 day as he has not expected such a rapid change in Intact-PTH levels in this patient.
Discussion
Renal Tubular Acidosis is subdivided into Type 1-Distal RTA characterized by failure of alpha intercalated cells of the medullary collecting duct to secrete H ? and reclaim K ? , Type 2-Failure of proximal tubular cells to reabsorb HCO 3 -and Type 4 was due to aldosterone deficiency or resistance [1] . Type 1-Distal renal tubular acidosis is more common which manifest either as Complete/Classical form or Incomplete/Latent Form. The etiology of Complete/Classical distal renal tubular acidosis include primary/idiopathic form or secondary to hypo or hypercalcemia, paraproteinemia, autoimmune disorders like Sjogren's syndrome, rheumatoid arthritis and drug/-toxin exposure [2] . Distal Renal Tubular Acidosis occurs in 25-40% of patients with Sjogren's syndrome but hypokalemia is the presenting manifestation of Sjogren's syndrome in \2% of cases [3, 4] .
Magnesium deficiency is frequently associated with hypokalemia. Concomitant magnesium deficiency aggravates hypokalemia and renders it refractory to treatment by potassium [5, 6] . The mechanism of hypomagnesemia induced hypokalemia is due to the intrinsic biophysical properties of renal outer medullary K? channels (ROMK) mediating potassium secretion in the distal nephron. Potassium efflux (ROMK) channel is generally inhibited by magnesium. Thus intracellular magnesium deficiency caused by magnesium deficiency releases the magnesium mediated inhibition of ROMK channels and increases K? secretion and also aggravate the adverse effects of hypokalemia on target tissue [7, 8] . Thus magnesium replacement prevents renal K? wasting by decreasing secretion of K? in the distal nephron.
Extracellular magnesium is a partial agonist of the CaSR with a potency of 2-3 times less than that of calcium [9, 10] . Mild decrease in Magnesium levels to as low as 0.5 mmol/l results in stimulation of PTH secretion (as seen with hypocalcemia). But more severe hypomagnesemia (\0.4 mmol/l) is known to cause relative hypoparathyroidism by actually inhibiting PTH secretion [11] [12] [13] . This phenomenon is referred to as 'Paradoxical block of PTH secretion' [10] [11] [12] [13] . The Paradoxical block of PTH secretion is believed to be related to the effect of intracellular magnesium depletion on the G-alpha subunit of heterotrimeric G-proteins associated with CaSR [10] . Since G-Proteins contain a magnesium binding site, magnesium deficiency can disinhibit G-alpha subunits, thereby mimicking the effect of CaSR activation and suppress PTH secretion [10] . The inhibition of PTH secretion tends to occur with chronic magnesium deficiency rather than with acute deficiency [14] . As a result hypocalcemia occurs due to decreased renal calcium reabsorption. This hypocalcemia can only be corrected by replacement of magnesium [15, 16] . Serum PTH levels increase within minutes of magnesium administration [10] . Hence it is believed that hypomagnesemia inhibits PTH secretion rather than its biosynthesis [15] [16] [17] .
The provisional diagnosis of Renal Tubular Acidosis was considered for the case on the basis of normal anion gap metabolic acidosis with hypokalemia with urine pH [ 5.5. The association of Sjogren's syndrome was identified with positive Schirmer's test and high auto antibodies (anti SS-A/anti SS-b auto antibody titre).
Patient was admitted in ICU setting and IV potassium correction for hypokalemia along with sodium bicarbonate was started. Patient potassium levels were refractory to treatment. Then Bone Mineral Profile was ordered which showed hypomagnesemia with low calcium and Intact-PTH. Magnesium correction was given along with potassium and sodium bicarbonate. Patient potassium levels and symptoms improved with above lines of management.
On second day, another sample was received for serum magnesium and Intact PTH. The serum magnesium was 2.4 mg/dl and Intact-PTH was 80.55 pg/ml. After seeing the Intact-PTH, serum calcium and phosphorous was ordered. Serum calcium was 8.1 mg/dl and phosphorous was 2.4 mg/dl. The treating physician asked for the discrepancy in Intact-PTH levels and he never expected rapid change in Intact-PTH levels.
The pre-analytical, analytical and post-analytical factors were looked into for any errors from the laboratory side. The pre-analytical, analytical and post-analytical factors were uneventful. Both Intact-PTH samples were repeated and it was within acceptable limits of first value. At presentation the chronic/very low magnesium has caused relative hypoparathyroidism by interfering with PTH secretion. Mild decrease in magnesium levels results in stimulation of PTH secretion (as seen with hypocalcemia) but more severe hypomagnesemia as noted in this patient is known to cause relative hypoparathyroidism by inhibiting PTH secretion. This phenomenon is referred to as 'Paradoxical block of PTH secretion'. Serum PTH levels increase within minutes of magnesium administration. Hence it is believed that hypomagnesemia inhibits PTH secretion rather than its biosynthesis.
Conclusion
In patients presenting with paralysis secondary to hypokalemia with metabolic acidosis, evaluation of underlying cause such as renal tubular acidosis associated with Sjogren's syndrome should be considered. If hypokalemia is refractory, magnesium levels should be checked and treated as required. Subsequent hypocalcemia due to hypomagnesemia should be ruled out. The hypomagnesemia can either stimulate PTH secretion as in hypocalcemia or can cause paradoxical block of PTH secretion.
